avium is not involved in the pathogenesis of a specific disease of chickens, coryza infectiosa gallinarum. Most strains of H . avium appear to be harmless mucosal commensal organisms which are spread via direct contact or airborne transmission ( 3 , but with some of the L-arabinose-fermenting strains marked serofibrinous infraorbital sinusitis and edema of the face and, in some cases, of the wattles have been produced in chickens after inoculation into the submucosa of the infraorbital sinus (Hinz, unpublished data) . The phenotypic diversity among a series of H . aviirm strains studied motivated us to determine their genetic interrelationships and their taxonomic positions in the family Pasteurellaceae Pohl 1981 (11, 16) . Our results indicated that the species H . aviirm is genetically heterogeneous and can be separated into three groups which are phenotypically distinguishable. We propose to transfer the former species H . aviirm to the genus Pasteurella and to split it into the following three species: Pasteurella avium sensu stricto, Pasteurella volantium sp. nov., and a third unnamed species.
MATERIALS AND METHODS
Microorganisms. The bacterial strains investigated are listed in Table 1 . They were propagated on chocolate agar (tryptic soy agar [Difco Laboratories, Detroit, Mich.] supplemented with 5% [vol/vol] defibrinated sheep blood and heated to 80°C for 15 rnin before pouring), purified by subculturing typical single colonies, and stored in the lyophilized state until needed.
Phenotypic characterization. Both the identification methods of Kilian and Frederiksen (8) and those of Mannheim et al. (12) were used. Acinetobacter sp. strain HIH ST661/60 served to supply V-factor, as described by Mannheim (9) . The media used for testing the metabolism of selected amino * Corresponding author acids were supplemented with NAD to a final concentration of 1 p,g/ml.
Preparation of DNA. Deoxyribonucleic acid (DNA) was prepared by the method of De Ley et al. (2) from cells of the early stationary phase of growth, which were harvested from aerated cultures grown at 35°C.
DNA base composition and molecular weight of genome DNA. Thermal denaturation midpoints were used to determine the guanine-plus-cytosine (G+C) contents of the DNAs (2). Escherichia coli B (NCTC 10537) DNA served as a reference (G+C content, 52 mol%). The molecular weights of genome DNAs were calculated from initial renaturation rates by the method of Gillis et al. (3). DNA-DNA hybridization. Initial renaturation rates for homologous and heterologous reassociations were determined by the method of De Ley et al. (2), as described previously (13, 15, 17) .
RESULTS AND DISCUSSION
Phenotypic features. The 19 strains of H . avium studied fit the description of the family Pasteurellaceae Pohl 1981 (11). They were gram negative, nonmotile, and coccoid to rod shaped and contained demethylmenaquinones (always) and ubiquinones (usually) but no menaquinones (10). They were nonhemolytic, showed no colonial adherence, and formed smooth colonies 2.5 mm in diameter after 24 h of growth on chocolate agar. No growth occurred on MacConkey agar or in Simmons citrate medium. All strains except the ornithine decarboxylase-negative type of Bisgaard taxon 13 (E. B. Madsen, M. Bisgaard, R. Mutters, and K. B. Pedersen, Can. J. Comp. Med., in press), represented by strain K117, required V-factor. Nitrates were reduced to nitrites. Prompt positive reactions were observed for N,N,N',N'-tetramethyl-1,4-phenylenediamine hydrochloride oxidase, catalase, alkaline phosphatase, and acid production without gas from D-glucose, D-galactose, D-mannose, D-fructose, sucrose, and trehalose. Negative results were obtained for indole production, hydrolysis of urea and arginine, decarboxylation of lysine, liquefaction of gelatin, and acid production from L-sorbose, L-rhamnose, starch, salicin, esculin, adonitol, dulcitol, and meso-inositol.
As shown in Table 2 , the H. avium strains studied and some other strains could be separated phenotypically into three groups on the basis of their different capabilities for catabolizing L-arabinose, maltose, and mannitol and by the o-nitrophenyl-P-D-galactopyranoside test. All of the reference strains used in this study could be separated from these three groups by using an appropriate set of biochemical reactions, as described previously (12, 14) .
Base compositions and molecular weights of genome DNAs.
As shown in Table 1 , no significant differences in the G+C contents and the genome sizes of the DNAs of the three groups of H . avium were found; these values ranged from 43 l:o 47 mol% and from 1.5 x lo9 to 2.1 x lo9 daltons, respectively.
DNA reassociation. On the basis of DNA binding values (Tables 3 through 5 ) , the strains of H . avium studied could be divided into three groups, which were identical to those mentioned above and should receive the rank of species as compared with the genetic relatedness in well-established Pasteurellaceae species. Our experience with the renaturation method of DNA hybridization has shown that well-defined species of the Pasteurellaceae exhibit high degrees of DNA homology (Lee, at or above 85% binding) (13, 17) . Therefore, discrimination of closely related species may be impaired by the error in the renaturation method and may require taxometric evaluation of the data. Ultimately, the recognition of species remains a matter of convention.
The strains representing the first H . avium group proved to be highly related mutually and exhibited DNA binding values of about 80% with two Pasteurella strains that are as yet unclassified on the species level (strains NCTC 11623 ' +, Positive; (+). positive within 48 to 72 h: w, only weak reaction observed: -, negative.
Strain not tested for DNA relatedness.
and NCTC 11624) ( (Table 5 ) . We suggest that this species remain unnamed until its exact taxonomic position within the genus Pasteurella can be determined by studying more strains.
Our data contain strong evidence that the three groups of H. aviitm should be classified as distinct species of the genus Pasteitrella .
The incorporation of V-factor-dependent strains in the genus Pusterirelln, which was first suggested by Pohl (15) , is nlot surprising since close genetic relationships between \I-factor-dependent and V-factor-independent taxa have been described for the Actirtobucillus 1iKnieresii-Haetnophil'us pleirropneumoniae g r a y (15, 17) 
and for the Huemop h ilrr s up h rop h ilu s-Ha em o p h il us p ci rup hrop h il us group ( 15) .
These observations indicate that V-factor dependency is not ' When Pasreurella idrintiirrn strain HIM 789-3 was tested instead of strain NCTC 3438" the level of DNA homology was 88% (standard deviation, 3.1%).
' When P. i d m t i u m strain HIM 789-3 was tested instead of strain NCTC 34\38', the level of DNA homology was 449% (standard deviation, 9.3%). When P . i~olutitiirm strain HIM 789-3 was tested instead of strain NCTC 34;38', the level of DNA homology was 57% (standard deviation, 4.6%).
' When P . \dantiion strain HIM 789-3 was tested instead of strain NCTC 3438'. the level of DNA homology was 35% (standard deviation, 4.7%).
/Tested with P. \dantium strain HIM 789-3 instead of strain NCTC 3438". Tested with P. i~olrintiirm strain NCTC 4101 instead of strain NCTC 3438l. ' When Pusteirrelki species A strain HIM 789-1 was tested instead of strain HIM 789-5, the level of DNA homology was 58% (standard deviation, 7.8%).
' When Pasteurella species A strain HIM 789-1 was tested instead of strain HIM 789-5, the level of DNA homology was 67% (standard deviation, 6.6%); when Pasteureki species A strain HIM 789-2 was used, the level of DNA homology was 63% (standard deviation, 9.5%).
Tested with Pasteimlla species A strain HIM 789-1 instead of strain HIM 789-5. When Pastrurrll~i species A strain HIM 789-2 was tested instead of strain HIM 789-1, the level of DNA homology was 18% (standard deviation, 4.7%). a generic feature of Haemophilus but is a common feature among various members of the family Pasteurellaceae. Considering the foregoing, two new Pasteurella species are proposed, as described below.
Pasteurella avium (Hinz and Kunjara) comb. nov. P . avium contains V-factor-dependent strains hitherto classified as Haemophilirs avium and V-factor-independent strains classified as the ornithine decarboxylase-negative type of Bisgaard taxon 13. The cells are gram-negative, coccoid, nonsporeforming rods which occur singly or in short chains. They are mesophilic, chemoorganotrophic, facultatively aerobic, and fermentative. Ubiquiones and demethylmenaquinones are produced. Oxidase, catalase, and alkaline phosphatase reactions are positive. Nitrates are reduced to nitrites. No growth occurs on MacConkey agar and in Simmons citrate medium. The surface colonies on chocolate agar are smooth, convex, and grayish white. On sheep blood agar supplemented with NAD no hemolysis occurs. Acid is produced from D-glucose without gas formation and from D-galactose, D-mannose, D-fructose, sucrose, and trehalose. No acid is produced from L-sorbose, L-arabinose, Lrhamnose, starch, raffinose, maltose, mannitol, sorbitol, m-inositol, adonitol, or dulcitol. Some strains produce acid from D-xylose. Negative reactions are obtained for indole production, hydrolysis of urea and arginine, decarboxyiation of lysine and ornithine, and liquefaction of gelatin. Found in the hearts and infraorbital sinuses of chickens and in the lungs of calves suffering from pneumonia. The G + C content of the DNA is 43 to 45 mol%. The genome molecular weight is 1.9 X lo9. Strain IPDH 2654 (= ATCC 29546) is the type strain.
Description of the type strain. The type strain has all of the characteristics given above for the species. It does not produce acid from D-xylose and was isolated from a chicken (6). Ornithine is decarboxylated by some strains. The G+C content is 44 to 45 mol%. The genome molecular weight is 1.5 x lo9 to 1.9 x lo9. Found in the wattles of domestic fowl. One strain has been isolated from a human tongue (7) . The type strain is strain Love11 6 (= NCTC 3438 = ATCC 14385). Description of the type strain. The type strain has all of the characteristics of the species. In addition, it produces acid from D-xylose but not from sorbitol or lactose. Ornithine is not decarboxylated. This strain was isolated from a chicken.
Although a third group of former H . aviurn strains was included in the genus Pasteurella on the basis of DNA homology, it appeared to be heterogeneous (Table 2) and should be described when more strains have been studied. We suggest strain IPDH 280 (HIM 789-5) as a reference strain for this species, provisionally named Pasteurella species A.
